Background: Aged patients with coronary heart disease (CHD) have a high prevalence of co-morbidity associated with poor quality of life, high health care costs, and increased risk for adverse outcomes. These patients are often lacking an optimal home care which may result in subsequent readmissions. However, a specific case management programme for elderly patients with myocardial infarction (MI) is not yet available. The objective of this trial is to examine the effectiveness of a nurse-based case management in patients aged 65 years and older discharged after treatment of an acute MI in hospital. The programme is expected to influence patient readmission, mortality and quality of life, and thus to reduce health care costs compared with usual care. In this paper the study protocol is described.
. CHD is the most common reported cause of chronic heart failure in all age-groups [4] . A number of studies also found that more aged than young patients develop CHF following an acute MI: 47% of those aged greater than 75 years versus 23% aged < 75 years [5] . In addition, diabetes is not only a co-morbidity of CHD, but is also an independent risk factor for the development of CHF particularly in the aged [6] . CHF is the most common cause of hospital admission in the aged [7] , and more aged than younger patients with CHF are discharged to long-term care and this number is increasing [8] . Thus, as a rule, aged patients do not present with an isolated medical problem, but have multiple co-morbid diseases [9] . Consequently, these patients receive a number of medications [10] .
Due to changes in the German health care system, in particular the establishment of the diagnosis related groups (DRG) system, older patients with complex health care needs are nowadays discharged earlier from hospital than a few years ago [11] . For many of these patients an optimal care at home is not guaranteed, resulting in subsequent readmissions or final admission to a nursinghome. Medication compliance and lack of medicationrelated knowledge are serious problems in aged patients, and in higher age-groups there is also often a lack of social support or knowledge to seek medical support promptly, when specific symptoms appear [12] . Thus, optimizing care for this population has a high priority.
Many hospital admissions among aged patients with CHD can be attributed to behavioural and social factors rather than to deteriorating cardiac function or an intercurrent cardiac event [13] . Thus, aged multimorbid patients at risk of poor outcomes might benefit from intensive home follow-up. A nurse-led home-based intervention program including patient education and counselling might improve medication compliance, medication-related knowledge and thus processes of care, coronary risk factor profiles, functional status, and quality of life. As a consequence, this might reduce mortality. In addition, such a program is expected to reduce health care resource use in patients with CHD and consequently total health care expenditures.
Case management programmes for patients with CHD
A number of intervention trials investigated whether a nurse-based case management may influence patient readmission and other outcomes in CHD [14, 15] . In a meta-analysis investigating the effectiveness of secondary prevention programmes with and without exercise components 63 randomized trials were included [14] . Almost all included studies were conducted in patients with CHD younger than 70 years. It could be shown that secondary prevention programmes positively affect process of care, survival, and functional status or quality of life of patients with CHD independent of the applied programme.
In another review McAlister et al. examined whether case management programmes for patients with established CHD improve the process of care and reduce mortality [15] . In total 12 randomized trials also including mainly patients younger than 70 years could be identified by the investigators. It could be demonstrated that comprehensive case management programmes have a positive effect on processes of care in patients with CHD: there was a significant reduction in admissions to hospital and an improvement in quality of life. However, these randomized clinical trials failed to document any survival benefit or reduction in recurrent MI.
Although the results of both studies, the meta-analysis and the review, are promising, these findings can not be generalized to higher age-groups. Very few studies reported on case management programmes in people older than 65 years. The studies by Naylor et al [16, 17] examined a nurse-centered discharge planning and home follow-up intervention in patients older than 65 years with a broad variation of diagnoses and interventions. Their study on older people with CHF (mean age 76 years) demonstrated that the intervention significantly increased the length of time between hospital discharge and readmission or death, reduced total number of rehospitalizations, and decreased healthcare costs [17] .
Regarding cost-effectiveness of the case management programmes it is notable that only seven of the 63 trials included in the meta-analysis by Clark et al. [14] described the costs of the intervention. Two reported that their intervention was cost saving but only one has performed formal cost-effectiveness analyses. From the twelve studies included in the review by McAlister et al. [15] , three described cost data and two reported that their intervention was cost saving, but none performed formal cost-effectiveness analyses. Based on the observed lack of formal economic evaluations in these studies and the conflicting results, the need to systematically integrate economic evaluations into such studies was highlighted by the authors [14, 15] .
Overall, the review of the literature showed that studies on case management programmes mostly included participants with CHD younger than 70 years [14] or included persons hospitalized with one of several common medical and surgical reasons [18, 19] . So far, no intervention trial focused on a specific case management programme for the group of aged patients after MI. Case management focuses on delivering personalized services to patients to improve their care. Case management after hospital discharge could play a central role for the prevention of re-infarction or readmission for other reasons among aged patients with an acute MI.
Objective of the study
The primary objective of the study is to assess whether a case management intervention by trained nurses can reduce time to first readmission or out-of-hospital death in aged patients with MI. Secondary objectives are the estimation of the cost-utility ratio of this case management intervention and to compare case management vs. routine care with respect to secondary out-comes such as functional capacity, participation, quality of life, and compliance with medication. For patients with specific comorbidity, additional outcome criteria will be compared between the two groups, e.g. adjustment of blood glucose values and hemoglobin-A 1c in patients with type 2 diabetes, and maintenance of body weight in patients with CHF.
The aim of this paper is to describe the study protocol of the KORINNA (Koronarinfarkt-Nachbehandlung im Alter) study. Patient recruitment in the KORINNA study has started by September 2008. This detailed description of the study background and protocol is published as a reference for forthcoming papers on the study results.
Methods/Design

Study design
The study is designed as a single-centre randomized twoarmed parallel group trial. The study is carried out within the framework of KORA (Cooperative Health Research in the Region of Augsburg). All patients receive a baseline assessment after giving their informed consent. The baseline assessment is carried out by the study physician and a study nurse. Those who are subsequently randomized to the intervention group receive the intervention starting with the initial session shortly before discharge (see Figure 1) . All patients are contacted by phone after 3, 6, and 9 months in order to document a core set of relevant outcome measures. The duration of the intervention phase is one year. After one year a final investigation takes place in the hospital or at home.
Patient selection Inclusion criteria
In the KORINNA study all patients of the age group 75 years and older with a first or recurrent MI during the planned recruitment period who are treated in the Augsburg Hospital should be included. The Augsburg Hospital is the largest hospital in the region of Augsburg -a city with 300,000 inhabitants in the south of Germany -offering a coronary care unit as well as coronary angiography and angioplasty facilities 24 hours a day. All myocardial infarctions according to ESC and ACC criteria will be included [20] .
However, an unexpected low number of patients of the age group 75 years and older became apparent during the first year. As a consequence, the study protocol was modified and the minimum age of participants was set to 65 years. The recruitment phase needs to be expanded accordingly. This modification was discussed with the studies' Advisory Board.
Exclusion criteria
Patients who already live in institutionalized care are excluded. In addition, patients who already plan to move into institutional care or outside the study region within the next months are excluded as well. Furthermore, patients with severe comorbidity (e.g. terminal cancer) which makes rehospitalization within the next months necessary or is associated with a life expectancy of less than one year, and patients who are not able to communicate in German language are excluded. Finally, patients who are unable or unwilling to give written informed consent (e.g. patients with dementia) cannot be included in the study. The number of patients not included in the study as well as reasons for exclusion will be documented.
The study protocol and its amendment were approved by the Ethics Committee at the Bavarian Chamber of Physicians (Date of approval: 11.11.2008, Reference number: 08064). Furthermore, the study is conducted in accordance to German privacy law and in compliance with the Helsinki Declaration.
Randomization
All patients meeting the inclusion criteria and giving informed consent are randomly assigned to the intervention or control group. The allocation ratio is 1:1. To ensure the concealment of the allocation, randomization is provided per telephone call to the biostatistical center at the Helmholtz Zentrum München, German Research Center for Environmental Health, where a randomization list is kept. A minimization procedure is used which tries to achieve balanced treatment groups with respect to gender, age (< 70 vs. 70-79 vs. 80+), and number of comorbidities (diabetes and CHF). 
Intervention
The intervention consists of a nurse-led individualized home-follow up programme with a duration of one year. The control group receives usual care. Patients can use or apply for all available services in the area.
Initial session before discharge
The intervention programme starts with an initial information session (approximate duration 1 hour) which takes place one or two days before hospital discharge (see Figure 1 ). In this session the patient is first of all provided with information about the disease and comorbidities, about medication and with behavioural recommendations (nutrition, physical activity, smoking etc.). Information is given orally and in written form (so-called "heart book"). If possible, close relatives of the patient may participate in the discharge session. A first home visit is arranged, if accepted by the patient, otherwise an appointment for a telephone call is made.
Home visits and telephone calls
Home visits (0 to 4) and telephone calls (at least every 3 months) are carried out according to patient need and patient risk level. At the first home visit the specific problems of the patient are identified and documented. An individual plan for each patient is set up. The risk level is assessed by the study nurse during the first home visit based on compliance, the social network, and the comorbidities. The higher the risk level the more contacts (telephone and home visits) are arranged by the study nurse.
The activities are planned in agreement with the patient in order to improve compliance. The first home visit is scheduled to take place 7 to 14 days after discharge. If the patient stays in a rehabilitation hospital immediately after discharge from the Augsburg hospital, the first home visit will be postponed accordingly. At the home visits patients are instructed how the prescribed drugs have to be taken and what would happen in the case of non-compliance with medication. Furthermore, to patients with diabetes advice is given regarding nutrition and physical activity, and patients with CHF are encouraged to regular weight control. During the visits, measurements of blood glucose, blood pressure, and weight are performed. The duration of the visit should be between 60 and 90 minutes. The key elements of both the home visits and the telephone calls are: to detect problems (e.g. regarding intake of medication) or risks, to give advice regarding a broad range of aspects of disease management (e.g. health behaviour) and to refer to the general practitioner, if necessary. The content and structure of home visits and telephone calls are comparable, and primarily differ regarding location and type of contact between the patient and nurse, and the possibility to measure blood glucose, blood pressure, and weight.
Training
In August 2008, a training of the three study nurses and the study physician was performed lasting several days. The following topics and diseases were intensively discussed with the study nurses: CHD, MI, angina pectoris, heart failure, treatment of MI, risk factors of cardiovascular diseases, action of particular drugs, diabetes mellitus, psychological factors and MI. Furthermore, the structure and the contents of the "Heart book" handed out to the patients in the intervention group at discharge were discussed.
Regarding the study implementation, both study physician and study nurses received a training on patient recruitment. The study physician was instructed on patient information and obtaining informed consent. Moreover, the procedure of the clinical examination and personal interview was trained.
Finally, study nurses were introduced in the performance of personal interviews in the hospital, of home visits, and of telephone interviews, the use of the intervention modules, the data extraction from patients' records, documentation, and data entry.
Baseline and outcome assessments
The primary endpoint of readmission is measured as time between initial hospital discharge and first unplanned readmission to hospital (at least for 24 hours). Out of hospital death from any cause is counted as an event.
The instruments used to assess secondary outcomes are shown in Table 1 . Baseline data on all recruited patients (intervention and control group) are collected at the index hospitalization, usually one or two days before the patient will be discharged. Data on sociodemographic and health status characteristics, functional status, participation, and psychosocial status are collected by the study physician and a trained study nurse. After discharge, standardized non-interventional telephone interviews with the patients in both groups are planned at 3, 6, and 9 and 12 months after index hospital discharge identifying patient's readmissions, acute care visits to physicians, clinics, and ambulatory departments. Data on quality of life is also collected during these interviews. In the intervention group additional telephone calls as well as home visits take place as part of the intervention. Additional information is documented on these opportunities in order to monitor process quality.
Twelve months after the index hospitalization all patients who are still alive are invited for a final assessment in the hospital or, if necessary, at home. This examination includes a personal interview with an assessment of functional capacity, mental status and quality of life, adherence to medication, health care utilization, and the measurement of blood pressure and body weight. The study physician and nurse who are involved in the final assessment are not aware whether the respective patient was assigned to the intervention-or control group. Data on resource utilization as well as on quality of life are collected at baseline, at interim telephone contacts, and during the final assessment.
Economic evaluation
Data for the economic analysis is collected via patients and from hospital records. Table 2 summarizes the data collection for the economic evaluation. As valid information on the resource use can only be retrospectively gathered for a short previous time period the assessment of resource utilization is conducted quarterly.
Within the last years, standardized instruments measuring the resource use were developed such as the RAI (Resident Assessment Instrument) [21] or the RUD (Resource utilization of dementia) [22] . Based on these questionnaires and on our experiences we developed a questionnaire for the patients that can be used in personal and telephone interviews.
The valuation of the resource use will be based on the valuation rates calculated by Krauth et al. [23] . As the valuation rates are based on data for the year 2000 the calculations will be up-dated.
Especially in the economic evaluation of interventions with the elderly informal care plays an important role. However, as the assessment is very time consuming and the interview time should be minimized we refrained from assessing informal care time. To estimate the cost of informal care we use the information on a care level declared by the long term care insurance. If the patient is allowed to receive nursing care and does not receive formal care, it is assumed that the patient has an informal caregiver. In that case, the maximum amount for care at home paid by the long term care insurance will be used as cost for informal care.
Cost for the intervention excluding the costs caused by the study will be considered. Cost components will include labor costs, travel expenses, telephone costs etc.
In order to calculate quality-adjusted life years (QALYs), the EQ-5D questionnaire [24] is applied at baseline, at interim telephone contacts, and during the final assessment. Additionally, the Visual Analogue Scale (VAS) [24] is applied at baseline and final assessment.
It is planned to perform a cost-utility-analysis from the societal perspective. This means that incremental costs of the intervention (vs. control) are set in relation to the number of QALYs gained. The resulting incremental cost-effectiveness ratio (ICER) is an international standard for reporting results of economical evaluation studies. In addition, we will calculate additional costs per life year saved and per year without event. For the estimated ICER value a 95% confidence interval will be calculated based on bootstrap methods.
Analysis
The statistical analysis for the primary endpoint will focus on the null hypothesis that there is no difference between intervention and control with respect to the distribution of time to un-planned readmission (including out-of-hospital death). This hypothesis will be statistically tested using a Cox proportional hazards model including age, gender, and comorbidity as covariates.
Statistical analyses for secondary outcomes will be based on (generalized) linear models depending on the type and distribution of the outcome variable. Since these will be multiple tests for which control of the overall error level cannot be achieved, these will be regarded as exploratory analyses. All analyses will be done according to the intent-to-treat approach.
Sample size
Based on a comparable study by Young and colleagues [25] with patients 70 years of age we expect an event rate (readmission or out-of-hospital death) of 40% in the control group. If the study is designed to have 80% power or more to detect an improved rate of 25% in the intervention group (i.e. Δ = 0.15) at a two-sided type I error level of 5%, at least 152 patients per group will be needed. We expect that the drop-out rate does not exceed 10% during the 1-year follow-up period. In order to allow for loss to follow-up (patient withdrawing consent or moving away from study region), it is planned to recruit a total of 338 patients for the trial.
Discussion
This paper describes the study design of the KORINNA study, an innovative randomized controlled trial evaluating the effectiveness of a nurse-based case management programme for old-aged patients with MI. The KORINNA study is unique in a twofold way.
First, the nurse-led case management is tailored to the specific needs of old-aged people with MI. The interventions specifically address common challenges and risks associated with the MI management in elderly people such as multi-morbidity and compliance with medication. Further, the programme is flexible regarding frequency and location of the intervention. Thus, when deciding on the number of interventions necessary or whether a home-visit or telephone call is more appropriate, the nurse can take the individual health and living condition of a patient into account. Our experiences gathered from approximately 100 patients who have already received interventions within the study, confirm the need for a highly individualized intervention programme. Until now, a broad range of health states and impairments among the study participants could be observed which necessitates a variable intervention intensity.
Second, a particular strength of this study relates to the planned economic evaluation. In view of scarce financial resources within the German health system it is essential that innovative models of care not only demonstrate positive effects on clinical and patient-related outcomes but also cost-effectiveness. Since cost savings have already been shown in comparable studies in other countries, the economic results of this study are highly anticipated.
A possible limitation of the study design refers to the relatively short follow-up interval of one year. It is still unclear whether the expected positive intervention effects on readmission to hospital or death can already be observed within this time interval. Hence, a prolongation of the study with a follow-up interval of 3 years is already taken into consideration. A further limitation of the study is its single center design.
So far, we have experienced an unexpected challenge regarding the number of eligible patients aged 75 years and older. Some months after starting recruitment it became apparent that the planned sample size cannot be reached within the expected time frame. We discussed this problem with the members of the studies' advisory board and decided to decrease the minimum age of study participants from 75 years to 65 years. As a consequence of the initially low number of patients who could be included in the study, the recruitment phase will be extended by several months. In addition, the number of patients who could not be included due to severe concomitant diseases or dementia (20%), or since they were already nursing home residents (10%), was higher than expected. On the other hand, the number of study patients who were lost to follow-up within the one-year treatment course currently is 7% and therefore even lower than initially expected. In addition, we have noticed that the home visits as well as telephone calls are very well accepted by the patients. These findings indicate a good acceptance and feasibility of the study. In summary, the KORINNA study is expected to contribute to the evidence regarding the effectiveness of nurse-based case management programmes for aged patients with MI. The results can be an important basis for clinicians, administrators and health policy makers to decide on the provision of high-quality care to older patients with MI.
